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Abstract 
During the last two decades, Bangladesh, India, Pakistan and Sri Lanka have experienced phenomenal 
export earnings due to the growth of their export-oriented garment industries. Over time, the movement in exchange 
rates has influenced the export performance of these countries. Purchasing power parity (PPP) is the first step in 
understanding what drives the exchange rate in an economy. This study, therefore, examines the validity of PPP for the 
above four developing countries. The results could be used as a tool to aid policy-makers in monitoring and ensuring the 
exchange rate policies for garment export growth prospects of these countries. Because PPP deviation decreases at a very 
slow rate, we conduct the tests on PPP for a 55-year sample period in order to detect mean reversion in the data. Similar 
studies used 8- and 35-year sample periods. Furthermore, using real exchange rate unit root tests, this study considers 
structural changes over a long period, which is lacking in previous studies on PPP. In this study, the test results show that 
the real exchange rates of Bangladesh, India, Pakistan and Sri Lanka are not constant. The empirical evidence 
indicates that long-run PPP does not hold for the sample countries  
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1. Introduction 
Cassel (1918) first discovered the concept of purchasing power parity (PPP) and used it to 
develop the exchange rate determination model. The PPP theory states that changes in the nominal 
exchange rate between a pair of currencies should be equal to the inflation differential between the 
two countries. In line with PPP, the real exchange rate can be defined as the nominal exchange rate 
adjusted by the ratio of the foreign-price level to the domestic-price level. The real exchange rate must 
be stationary in order to hold PPP in the long run. 
The unit root test is widely used to examine the stationarity of the real exchange rate. Earlier 
stationary testing procedures, such as the augmented Dickey Fuller (1981, ADF) and Phillip Perrons 
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(1988, PP) unit root tests are based on the implicit assumption of a linear time series. The most notable 
studies to employ these techniques to test unit root on the real exchange rate include Roll (1979), Alder 
and Lehmann (1983), Hakkio (1984), Edison (1985) and Meese and Rogoff (1988). However, recent 
developments in this area show that real exchange rates are nonlinear. Micheal et al. (1997), Sarantis 
(1999), Baum et al. (2001) and Taylor et al. (2001) examined the nonlinear properties of real exchange 
rates. Taylor et al. (2001) found that the factors of transaction costs, shipping costs, tariffs and taxes 
are possible contributors to nonlinearity in real exchange rates. A few studies have since extended the 
research on the nonlinearity of real exchange rates in Asian countries (Liew et al., 2003, 2004; Liew, 
2004). 
Chowdhury (2004) applied the linearity tests developed by Luukkonnen et al. (1988) and 
Saikkonen and Luukonen (1988), finding evidence in favour of nonlinearity exhibited in the real 
exchange rates of Bangladesh. Responding to the plausible presence of nonlinearity in time series, 
Kapetanious et al. (2003, KSS) developed a stationary test to examine the null hypothesis of 
nonstationarity against the alternative of nonlinear stationarity. Ahmad and Rashid (2008) investigated 
the stationarity of Bangladesh, India, Pakistan, Sri Lanka and China. They concluded that nonlinear KSS 
unit root tests provide more evidence in favour of stationary real exchange rates than linear unit root 
tests, such as ADF or KPSS. Using nonlinear unit root tests, Noman and Rahman (2010) found that the 
real exchange rates of India, Pakistan and Sri Lanka seem to be conclusively nonstationary, whereas the 
tests produced mixed results for Bangladesh. Under a nonlinear framework, the stationarity tests of the 
real exchange rates in the sample countries provided mixed results. Thus, studies have not achieved a 
consensus on the stationarity of the real exchange rate. These nonlinear unit root tests do not consider the 
structural changes required to address series data, particularly for long periods of time. Perron (1989) 
showed that failure to allow an existing break leads to bias that reduces the ability to reject a false unit 
root null hypothesis. 
The current study makes three main contributions to the literature. First, it confirms the 
stationarity of Bangladesh, India, Pakistan and Sri Lanka, the major garment exporters among 
developing countries. It employs the unit root test by allowing both single and multiple endogenous 
structural breaks in addition to the standard ADF and PP unit root tests. Second, because Rogoff (1996) 
showed that PPP deviations die out at a very slow rate, researchers need to use a long-span data set in 
order to detect mean reversion in the data. This study uses a 55-year sample data period for all countries 
except Bangladesh. Similar studies, such as those of Chowdhury (2004) and Noman and Rahman 
(2010), used 8- and 35-year sample periods, respectively. Third, unlike the work of Noman and Rahman 
(2010), the present study includes the consumer price index (CPI) and producer price index (PPI), based 
on non-tradable and tradable goods, respectively. The rest of the paper is organised as follows. Section 2 
discusses the methodology and the data used in this paper. Section 3 presents the findings of the 
stationarity tests. Finally, Section 4 concludes the paper.  
2. Methodology and Data 
Since the nominal exchange rate is defined simply as the price of one currency in terms of 
another, the real exchange rate is the nominal exchange rate adjusted for relative national price-level 
difference. When PPP holds, the real exchange rate is constant, so that movements in the real 
exchange rate represent deviations from PPP. Hence, the real exchange rate is constructed as 
Yt  = St  + P* - P, (1)  
where Yt is the real exchange rate, St  is the nominal exchange rate, and P* and P are the foreign and 
domestic price indices, respectively. In this study, the monthly CPI and the monthly PPI are used in 
the calculation of real exchange rates. The CPI includes mainly non-tradable commodities, and in 
practice PPI includes the prices of the industrial and agricultural sectors, which are categorised as 
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tradable. The gross domestic product deflator is also among the alternatives, but this series is not 
available on a monthly basis.   
First, the standard ADF and PP tests are employed to identify the presence of unit roots in the 
real exchange rate (i.e., Yt of equation 1) without considering the structural changes in the series. The 
ADF test accommodates serial correlation and time trading by explicitly specifying the 
autocorrelation structure. The PP test accommodates heteroskedasticity and autocorrelation using the 
nonparametric method. Phillips and Perron s (1988) research suggests that the PP test is stronger than 
the ADF test under a wide range of circumstances. Second, the unit root test is performed using the 
Zivot Andrews (1992) model, which determines one structural break point endogenously from the 
data. Several studies, such as those of Ben David et al. (2003), Lumsdaine and Papell (1997) and 
Maddala and Kim (2003), argued that considering only one endogenous break is insufficient and leads 
to loss of information because more than one break exists. Finally, Clemente et al. s (1998) approach is 
used to accommodate two structural breaks for the unit root test. 
In this study, Bangladesh, India, Pakistan and Sri Lanka are used as the garment export-
oriented sample countries. Data for the unit root test for each sample country include the following: 1) 
the nominal exchange rate against the US dollar; 2) the monthly CPI and the monthly PPI of the US 
dollar as the foreign price index; and 3) the monthly CPI and the monthly PPI as the domestic price 
index.  
3. Stationarity Test Results  
The two sets of real exchange rates are calculated by Equation (1) with the use of CPI and 
PPI. The unit root tests are presented under panels A and B for CPI and PPI, respectively, in Tables 
1 to 3 . The empirical analysis begins with a discussion of the ADF and PP unit root test results, based 
on the assumption that no structural changes exist. The ADF and PP unit root runs on level (i.e., 
constant and trend) and first difference; the results are shown in Table 1. Under panel A, for both ADF 
and PP tests, India and Pakistan significantly reject the null hypothesis of the unit root, whereas 
Bangladesh and Sri Lanka fail to reject the null hypothesis of the unit root. Under panel B, for both ADF 
and PP tests, Bangladesh and Pakistan reject the null hypothesis of the unit root at 5% and 1% levels of 
significance, respectively. In contrast, India and Sri Lanka fail to reject the null hypothesis of the unit 
root. The unit root test results are not only mixed across countries but are also inconsistent across data 
sets (i.e., CPI and PPI). In other words, we do not obtain a clear picture of stationarity for the real 
exchange rates of our sample countries. One of the main reasons could be the failure to consider 
structural changes over the long period of the data series.  
Table 1: Unit Root Test without Structural Breaks1  
ADF Test PP Test 
Level              
(constant & trend) 
1st Difference 
(constant) 
Results Level            
(constant & trend) 
1st Difference 
(constant) 
Results 
Panel A: CPI 
Bangladesh 
India 
Pakistan 
Sri Lanka 
 0.407025 
5.497959** 
8.411467** 
   2.449390 
-10.17511** 
-11.35414** 
-6.903510** 
  -24.84375** 
I(1) 
I(0) 
I(0) 
I(1) 
 0.901367 
 4.997744** 
 8.472086** 
   1.976174 
-9.976029** 
   -23.01690**  
-24.90424** 
  -23.89521** 
I(1) 
I(0) 
I(0) 
I(1) 
Panel B: PPI 
1Bangladesh 
India  
Pakistan  
Sri Lanka 
-3.804569* 
0.760419 
6.989455** 
   1.707431 
-15.73562** 
-25.19711** 
-7.690420** 
  -11.13267** 
I(0) 
I(1) 
I(0) 
I(1) 
-3.804569* 
 0.857088 
 5.809139** 
   1.184450 
-15.73088**  
-25.20513** 
   -23.41526** 
   -19.96781** 
I(0) 
I(1) 
I(0) 
I(1) 
Notes: * and ** denote 5% and 1% levels of significance, respectively. For the ADF test, lags are selected automatically with the 
use of the Schwarz Info Criterion.1 For Bangladesh, the market price index (MPI) is used as a proxy of the discontinuous PPI 
series. 
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To resolve the issue raised by the ADF and PP test results as reported in Table 1, the Zivot
Andrews model is used to detect one endogenous structural break for the unit root tests. The results are 
shown in Table 2. The last column shows that all countries fail to reject the null hypothesis of the unit 
root for both CPI and PPI series data. This finding shows that the real exchange rates of all sample 
countries are nonstationary. However, according to Ben David et al. (2003), Lumsdaine and Papell 
(1997) and Maddala and Kim (2003), these findings are biased because information is lost if more than 
one break exists. 
Table 2: Unit Root Test with One Endogenous Structural Break: Zivot Andrews Test  
Level                    
(constant & trend) 
Break Point 
(Level) 
1st Difference 
(constant) 
Break Point       
(1st difference) 
Result 
Panel A: CPI 
1Bangladesh 
India  
Pakistan  
Sri Lanka 
-4.615 
-1.840 
-2.106 
  -4.084 
Dec 2005 
Dec 2001 
Sept 2000 
  July 1998 
-8.434*** 
-9.523*** 
-9.862*** 
  -13.378*** 
Aug 2006 
Mar 2003 
July 2001 
  Nov 2002 
I(1) 
  I(1)  
  I(1)  
  I(1) 
Panel B: PPI 
1Bangladesh 
India  
Pakistan  
Sri Lanka 
-5.004 
-2.487 
-1.384 
  -3.943 
July 2002 
Apr 1988 
Mar 2004 
  Apr 2005 
-15.924*** 
-12.904*** 
-9.224*** 
  -12.163*** 
Dec 1984 
Sept 1972 
Jun 2001 
  Nov 2005 
I(1) 
  I(1)  
  I(1)  
  I(1) 
Notes: * and ** denote 5% and 1% levels of significance, respectively. The 5% and 1% critical values in level with constant 
and trend are -5.08 and -5.57, respectively and in 1st difference with constant only are -4.80 and -5.43, respectively. Lag 
selection is automatic on the basis of the T-Test.1 For Bangladesh, the MPI is used as proxy of discontinuous PPI series. 
Finally, the Clemente Montañes Reyes test is employed to address the issue of the results of 
the unit root tests in the Zivot Andrews model by considering a maximum of two structural breaks in the 
data series for the unit root tests. The results are presented in Table 3. The last column shows that all 
sample countries cannot reject the null hypothesis of the unit root for both CPI and PPI series data.  
Table 3: Unit Root Test with Two Endogenous Structural Breaks: Clemente Montañés Reyes Test   
Min t in Level Break Points 
           (Level) 
Min t in 
1st  Difference 
Break Points 
(1st difference) 
Result 
Panel A: CPI 
1Bangladesh  
India 
Pakistan 
Sri Lanka 
-2.340  
-2.403  
-1.809  
-1.233 
BP1= Apr 2007 
BP2= May 2009 
BP1= Jan 1975 
BP2= Apr 2006 
BP1= July 1978 
BP2= May 2007 
BP1= July 1977 
BP2= May 1998 
-5.524*  
-6.658*  
-5.500*  
-9.964* 
BP1= Apr 2001 
BP2= Feb 2006 
BP1= Feb 1993 
BP2= Sep 2006 
BP1= Apr 1972 
BP2= Aug 2000 
BP1= Apr 1998 
BP2= Sep 1998 
I(1)  
I(1)  
I(1)  
I(1) 
Panel B: PPI 
1Bangladesh  
India 
Pakistan 
Sri Lanka 
-5.408  
-2.936  
-2.134  
-4.463 
BP1= Jun 1984 
BP2= Mar 1985 
BP1= May 1974 
BP2= Dec 2000 
BP1= Mar 1972 
BP2= Apr 2007 
BP1= Apr 1998 
BP2= Apr 2007 
-6.454*  
-9.500*  
-5.923*  
-8.052* 
BP1= Oct 1984 
BP2= Jun 1985 
BP1= Feb 1993 
BP2= Aug 2008 
BP1= Apr 1999 
BP2= Apr 2001 
BP1= Apr 1998 
BP2= Sep 1998 
I(1)  
I(1)  
I(1)  
I(1) 
Notes: Min t is the minimum t-statistic calculated. BP1 and BP2 refer to the first and second break points, respectively. * 
denotes 5% level of significance. The 5% critical value for the IO model is -5.490. 1For Bangladesh, the MPI is used as a 
proxy of discontinuous PPI series. 
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4. Conclusion 
This study examines the validity of the PPP as a long-run equilibrium condition for garment 
export-oriented developing countries. The present study s findings of nonlinearity in exchange rates 
contributes to the existing literature on established exchange rates. A number of studies conducted 
nonlinear unit root tests for the real exchange rates in the sample countries. Some of these studies 
argued in favour of a stationary real exchange rate, whereas others asserted the nonstationarity of the 
real exchange rate. These studies considered the nonlinear property of the real exchange rate for the 
stationarity test, but they did not take into account the structural changes over the long period of the 
data series. This paper investigates the stationarity of the real exchange rates of four major garment 
export-oriented developing countries, Bangladesh, India, Pakistan and Sri Lanka, by allowing both 
single and multiple endogenous structural breaks, in addition to the standard ADF and PP unit root tests. 
Two sets of real exchange rates are further used for CPI and PPI as unit root test data series. 
With no assumption of structural change, the ADF and PP unit root test results are mixed. The 
presence of structural changes could be a main reason for the mixed findings on real exchange rate 
stationarity. To resolve this issue, the Zivot Andrews model is used to detect one endogenous 
structural break in the unit root tests. The test results show that the real exchange rates of all sample 
countries are nonstationary. Ben David et al. (2003), Lumsdaine and Papell (1997) and Maddala and 
Kim (2003), among others, argued that one endogenous structural break for the results of unit root tests 
is biased because information is lost if more than one break exists. To address the issue of the results of 
unit root tests for the Zivot Andrews model, the Clemente Montañes Reyes test is employed, in which 
a maximum of two structural breaks are determined. This approach cannot reject the null hypothesis of 
the unit root on real exchange rates for all sample countries, which is consistent with the results of the 
Zivot Andrews unit root test. 
In summary, for major garment export countries, excluding the consideration of structural 
breaks, neither the linear assumption unit root tests (ADF and PP tests) nor the nonlinear assumption unit 
root test (KSS test) provides a concrete picture of real exchange rate stationarity. Furthermore, t h e 
r e s u l t s o f t h e unit root tests for both single and multiple endogenous structural breaks strongly 
suggest that the real exchange rates of Bangladesh, India, Pakistan and Sri Lanka are indistinguishable 
from I (1) process, implying that PPP does not hold for the sample countries. The deviations from PPP 
indicate that the four developing countries are characterized by more government intervention and trade 
restrictions than their developed counterparts. Furthermore, the structure of these countries tends to be 
more diverse and economic changes occur more frequently than in developed countries.  
References  
Adler, M., & Lehmann, B. (1983). Deviations from purchasing parity in the long run. The Journal of 
Finance, 38, 1471-1483. 
Ahmad, S., & Rashid, A. (2008). Non-linear PPP in South Asia and China. Economics Bulletin, 6, 1 6. 
Baum, C.F., Barkoulas, J.T., & Caglayan, M. (2001). Nonlinear Adjustment to Purchasing Power Parity in 
the Post Bretton Woods Era. Journal of International Money and Finance, 20, 379-399. 
Ben-David D., Lumsdaine, R., & Papell, D. H. (2003). Unit root, postwar slowdowns and long-run growth: 
Evidence from two structural breaks. Empirical Economics, 28, 303-319. 
Cassel, G. (1918). Abnormal Deviations in International Exchanges. Economic Journal, 28, 413-428. 
Chowdhury, I. (2004). Purchasing Power Parity and the Real Exchange Rate in Bangladesh: A Nonlinear 
Analysis. Working Paper Series in Economics, No. 14, University of Cologne. 
Clemente, J., Montañés, A., & Reyes, M. (1998). Testing for a unit root in variables with a double change 
in the mean. Economics Letters, 59, 175-182. 
Dickey, D. A., & Fuller, W. A. (1981). Likelihood ratio statistics for autoregressive time series with a unit 
root. Econometrica,  49, 1057 1072. 
Edison, J. H. (1985). Purchasing power parity: A quantitative reassessment of the 1920s experience. 
13 Ariful Hoque and Rajabrata Banerjee /  Procedia - Social and Behavioral Sciences  65 ( 2012 )  8 – 13 
Journal of International Money and Finance, 4, 361 372. 
Hakkio, C. S. (1984). A re-examination of purchasing power parity: A multi-country and multi-period 
study. Journal of International Economics, 17, 265 277. 
Kapetanios, G., Shin, Y., & Snell, A. (2003). Testing for a Unit Root in the Nonlinear STAR Framework. 
Journal of Econometrics, 112, 359 379. 
Liew, V. K. S., Chong, T. T. L., & Lim, K. P. (2003). The Inadequacy of Linear Autoregressive Model for 
Real Exchange Rates: Empirical Evidence from Asian Economies. Applied Economics, 35, 1387 1392. 
Liew, V.K.S. (2004). Nonlinear Adjustment of ASEAN-5 Real Exchange Rates: Symmetrical or 
Asymmetrical? Economics Bulletin, 6, 1 8. 
Liew, V.K.S., Baharumshah, A.Z., & Chong T.T.L. (2004). Are Asian Real Exchange Rates Stationary? 
Economics Letters, 83, 313-316. 
Luukkonen, R., Saikkonen, P., & Teräsvirta, T. (1988). Testing Linearity against Smooth Transition 
Autoregressive Models. Biometrika, 75, 491-499. 
Lumsdaine, R. L., & Papell, D. H. (1997). Multiple Trend Breaks and the Unit Root Hypothesis. Review of 
Economics and Statistics, 79, 212-218. 
Maddala, G.S., & Kim, I.M. (2003). Unit Root, Cointegration and Structural Change. Cambridge 
University Press, Fifth Edition, UK. 
Meese, R.A., & Rogoff, K. (1988). Was it real? The Exchange Rate-Interest Differential Relation over the 
Modern Floating-Rate Period. Journal of Finance, 43, 933 48. 
Michael, P., Nobay, A. R., & Peel, D. A. (1997). Transaction Costs and Nonlinear Adjustment in Real 
Exchange Rates: An Empirical Investigation. Journal of Political Economy, 105, 862 879. 
Noman, A. M., & Rahman, M. Z. (2010). Stationarity of South Asian real exchange rates under Exponential 
Star (ESTAR) framework. Journal of Developing Areas, 43, 41-50. 
Phillips, P.C.B., &  Perron, P. (1988). Testing for a Unit Root in Time Series Regression. Biometrika, 75, 
335-346. 
Perron, P. (1989). The great crash, the oil price shock, and the unit root hypothesis. Econometrica, 57, 
1361-1401. 
Rogoff, K. (1996). The Purchasing Power Parity Puzzle. Journal of Economic Literature, 34, 647 668. 
Roll, R. (1979). Violations of Purchasing Power Parity and their Implications for Efficient International 
Commodity Markets, in M. Sarnat and G.P. Szego, (Eds.), International Finance and Trade. Cambridge, 
Massachusetts: Ballinger. 
Saikkonen, P., & Luukonen, R. (1988). Lagrange Multiplier Tests for Testing Non-Linearities in Time 
Series Models. Scandinavian Journal of Statistics, 15, 55-68. 
Sarantis, N. (1999). Modelling Nonlinearities in Effective Exchange Rates. Journal of International Money 
and Finance, 18, 27 45. 
Taylor, M. P., Peel, D. A., & Sarno, L. (2001). Nonlinear Mean-Reversion in Real Exchange Rates: Toward 
a Solution to the Purchasing Power Parity Puzzles. International Economic Review, 42, 1015-1042.  
Zivot, E., & Andrews, D. W. K. (1992). Further evidence on the great crash, the oil price shock and the unit 
root Hypothesis. Journal of Business and Economic Statistics, 10, 251-270. 
